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Abstract
Supported nickel catalysts are widely applied in many important reactions such as hydrogenation of aromatic hydrocarbons, methanation of carbondioxide, reforming of methane to syngas, ethylation, dealkylation and methanation of coal. In the chemical processing industry a catalyst with high activity and selectivity is essential. To meet these requirements, the catalyst support of inert carrier should provide sufficient surface area for the metal to disperse. It has emerged that the support plays a very active role in the interaction between the nickel and the support. The nickel compounds on different support surfaces result in different extents of what are generally called "metal support effects". This implies that catalysts with different characteristics exhibit different performances towards activity and selectivity for a given process. Several studies showed that the nature of the support employed has an important influence on the catalytic performances. The most commonly employed oxides to support nickel on alumina, silica and titania. The catalytic properties of the nickel catalysts can be greatly influenced by the nature of the supported oxide and dispersion of the active component. The supported oxide plays an important role in dispersing the active component of nickel catalysts. Chlorinated aromatic compounds are known to be harmful for the environment. These are the major sources of pollution and are included in the so called "black list" of priority toxic and persistent pollutants (Fang and Khor 1989) at present disposal of chlorinated waste takes place mainly in the hazardous waste land fills and incinerators. The former is soon to be prohibited while the later can result in the generation of highly toxic polychlorinated dibenzofurans and dibenzodioxins. The treatment technologies that are generally used at present are destructive. Several methods have been developed for their elimination such as incineration, reduction by transition metal activated alkali metal hydrides, biodegradation using microbes and photo catalytic oxidation. Catalytic hydoroprocessing is now emerging as a new viable alternative for a more efficient and ecological treatments of chlorinated organic wastes. There are several data concerning catalytic hydrodechlorination for chlorinated organic compound like chlorobenzene over noble metal catalysts but data on polychlorinated aromatic compounds is less abundant. Moreover systems containing nickel have been recently reported to be active catalysts for the catalytic hydrodehalogenation processes. The supported nickel catalysts are widely investigated because of their industrial applications in various processes. While catalytic hydroprocessing is well established hydrodehalogenation is still in the formative stage. Nevertheless, catalytic hydrodechlorination of chlorobenzene is reported in the gas and liquid phases using Pd, Pt, Rh and nickel catalysts. Hydrodechlorination of polychlorinated aromatics like 1,2,4 trichlorobenzene was studied to a lesser extent. The objective of this work consists of obtaining nickel systems with an ability to catalyze the exhaustive hydrodechlorination of polychlorinated aromatic compounds with no loss in activity as a result of hydrogen chloride produced. A fundamental problem in metal catalysts is the estimation of number of active sites on the surface of a metal catalyst. Considerable progress has been made for metals in the determination of the quantity of surface atoms. Simple methods to titrate surface metal centers in metal oxide would greatly assist in understanding the effect of structure in the hydrodechlorination reactions. A plenty of research work has been carried out to estimate the dispersion of nickel oxide on various supports. Thus in this study the applicability of hydrogen chemisorption was thoroughly investigated. It is shown from the results that the hydrogen chemisorption carried out at the room temperatures is found to be a better method to determine the dispersion of nickel oxide. In addition to hydrogen chemisorption several techniques including X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD), Temperature programmed reduction (TPR), UV- diffuse reflectance spectroscopy (UV-DRS), temperature programmed desorption of hydrogen, and scanning electron microscopy were also used to characterize the catalysts. The catalytic properties were evaluated for two reactions viz, hydrodechlorination of 1,2,4 trichlorobenzene, chlorobenzene. The catalytic properties are related with the results from various characterization techniques. 1.21. Objective of the present work It has been discussed in many sections in this chapter that supported nickel catalysts are widely investigated, because of their environmental and industrial applications. Generally dispersion of nickel on supports and its structure directly affects the catalytic properties. The physicochemical characteristics of supported nickel catalysts are determined with the help of various spectroscopic and adsorption methods. So far, hydrogen chemisorption has been widely employed to determine nickel dispersion on the support. Hence, in this study a detailed investigation was made on the applicability of hydrogen chemisorption to measure the dispersion on various supports at room temperature. It is concluded from these investigations, that the hydrogen chemisorption at the room temperature and reduction of the catalyst at 673K is found to be a better method for the estimation of number of active sites and thereby dispersion. On the other hand, several spectroscopic techniques including X-ray photoelectron spectroscopy (XPS), XRD, TPR, TPD, SEM, pore size distribution measurements, BET surface area were used to get more insight into the surface structure of the nickel oxide phase. Aim of research work The aim of the present study is to develop new catalysts for the hydrodechlorination of chlorinated aromatics and to characterize the catalysts by various methods to understand the structure of the surface nickel and its relation to the catalytic properties. The objective of the present work is (i) to determine the dispersion of nickel on various supports by hydrogen chemisorption method (ii) to understand the effect of support on the dispersion of nickel on various supports (iii) to find the reducibility of the nickel (iv) to estimate the acidity of various catalysts (v) to correlate the dispersion of nickel to the catalytic functionalities of various catalysts. 1.22. Scope of research work The research work described in this thesis was aimed at the development of new selective and clean processes for HDC of polychloroaromatics. A gas phase process was chosen for the HDC of polychloroaromatics is because it's simple, safe and more effective than incineration. An elementary screening study was performed in order to check the feasibility of supported nickel catalysts for HDC of polychloroaromatics. The physico-chemical properties of the catalysts were studied in great detail using an array of complimentary spectroscopic and adsorption techniques. Two hydrodechlorination reactions of polychloroaromatics were chosen to study the role of supported nickel catalysts on the hydrodechlorination of polychloroaromatics. Hydrodechlorination of chlorinated aromatics Hydrodechlorination of 1,2,4 trichlorobenzene is an industrially important reaction. HDC reaction is used industrially to synthesize 2,4 diaminoresorcinol. The catalytic properties have been evaluated for the hydrodechlorination of 1,2,4 trichlorobenzene and chlorobenzene and are correlated with the structural properties of the catalysts. The two-dechlorination reactions were chosen to understand the behaviour of catalyst systems in the removal of chlorines for a mono chloroaromatic and polychloro aromatic compounds to yield benzenes. These two reactants are established sources of environmental pollution. Hydrodechlorination of 1,2,4 trichlorobenzene is one of the best methods for the removal of chlorinated organic compounds, as this method excludes the formation of more toxic dioxin compounds. Hydrodechlorination appears to be more suitable than incineration for treating chlorinated organic compounds for which only harsh incineration conditions can prevent the formation of poly chlorinated dibenzodioxins (PCDDs) or polychlorinated dibenzofurans (PCDFs) at high temperatures. Selective dechlorination of polyhalons, which has application in industry. In our recent survey, the application of HDC has been utilized in the preparation of 4,6-diaminoresorcinol. This detailed study can lead to optimization, design and development of the catalyst for industrially important hydrodechlorination process. Experimental The catalytic properties of supported nickel catalysts mainly depend on the nature of the support as well as nickel coverage. Generally dispersion of nickel on supports and its structure directly affects the catalytic properties. The physicochemical characteristics of supported nickel catalysts are determined by various spectroscopic and adsorption methods. So far, hydrogen chemisorption has been widely employed to determine nickel dispersion on the support. Hence, in this study a detailed investigation was made on the applicability of hydrogen chemisorption to measure the dispersion on various supports at room temperature. It is concluded from these investigations, that the hydrogen chemisorption at the room temperature and reduction at 673K of the catalyst is found to be a better method for the estimation of number of active sites and thereby dispersion. On the other hand, several spectroscopic techniques including X-ray photo electron spectroscopy (XPS), XRD, TPR, TPD, UV-DRS, pore size distribution measurements, BET surface area were used to gain more insight into the surface structure of the nickel oxide phase. Recently, there has been growing interest in the study of niobium-based materials as catalysts in various catalytic transformations. Niobium oxide can be used as a support, as a promoter and also as a unique solid acid. The advantage of using niobium (V) oxide as a catalyst support for nickel oxide catalysts is, addition of niobium oxide to nickel oxide improves the activity and selectivity during hydrodechlorination reactions. Nickel supported on niobia catalysts were studied for hydrodechlorination of chlorinated aromatics. In recent years, zirconium oxide is receiving considerable attention as a support for variety of catalytic reactions. The advantages of using amorphous ZrO 2 as support include, (i) interacts strongly with the active phase (ii) possesses high thermal stability and more chemically inert than the classical supported oxides, (iii) is the only metal oxide which may possess four chemical properties, namely acidity, basicity as well as the reducing and oxidizing ability, (iv) when modified with small quantities of sulfate ions zirconia exhibits super-acidic properties. Apart from the extensive use in preparation of super-acidic catalysts, zirconia has been used as a catalyst support in many industrially important reactions such as hydroprocessing, synthesis of methanol and higher alcohols and methanation reactions. In this work zirconia supported nickel catalysts were studied for the hydrodechlorination of chlorinated aromatics. Alumina-supported nickel catalysts have attracted much attention in recent years because of their unique structure and catalytic properties. Nickel/Al 2 O 3 catalysts are one of the highly active catalysts for hydrogenation reactions and are also highly selective for methane steam reforming and now it is applied to hydrodechlorination of polyhalons. The catalytic properties of supported nickel catalysts for hydrodechlorination are strongly influenced by the preparation method, nature of the support and of the promoter. Alumina-supported nickel oxide catalysts afford best performance in hydrogenation reactions. In this work alumina supported nickel catalysts were studied for the hydrodechlorination of chlorinated aromatics. Titania is suitable as a structural surface material and small additions of titania can affect the metal-based catalysts in a profound way. The titania supported catalysts exhibit SMSI due to the encapsulation of the metal particles by a titania over layer. Recently, there has been growing interest in the study of titanium-based materials as catalysts in various catalytic transformations. A subject, which has received a lot of attention in catalysis research over the last decade, is the interaction between group VIII metals and certain reducible oxides. Nickel supported on titania catalysts were studied for hydrodechlorination of chlorinated aromatics. Silica is one of the most effective supports for the formation of hydrogen and carbon nanofibres. Addition of silica to nickel catalysts increases activity and the life of the catalyst. Nickel oxide on silica is an effective catalyst in olefin dimerization, isomerization, oxidative coupling of methane and hydrogenation process as well as hydrocracking. Nickel supported silica catalysts were studied for hydrodechlorination of chlorinated aromatics. Organization of the thesis The investigation presented in this thesis has been organized into four chapters. The chapter 1 deals with the general introduction and literature survey and the aim of the present investigation. In chapter 2, the experimental procedures involving catalyst preparation, physico-chemical characterization by hydrogen chemisorption, X-ray photoelectron spectroscopy (XPS), XRD, TPR, TPD of hydrogen and BET surface area measurements have been presented. Chapter 3 concerns with results and discussion of nickel catalysts supported on various supports and divided into four sections. In section A, the results and discussion of the nickel catalysts supported on niobia have been discussed in detail. In section B, the results of nickel catalysts supported on zirconia are discussed. In section C, the results of nickel catalysts supported on alumina are discussed in detail. In section D, the results of nickel catalysts supported on titania are discussed. In section E, the results of nickel catalysts supported on silica are discussed in detail. In chapter 4, the summary of the present work highlighting some important conclusions drawn out of research work are presented. 

The most important conclusions that can be drawn from the present work are: 1. Hydrogen chemisorption at room temperature on the samples reduced 673K temperature provides a better measure of dispersion of nickel in supported catalysts for the supports like ZrO 2 , Al 2 O 3 , Nb 2 O 5 , SiO 2 and TiO 2 . 2. TPR results suggest that the reducibility of nickel supported on various oxides are different from that of pure nickel oxide. The reducibility of nickel depends on the nature of support and the interaction of the metal and support. 3. The physico-chemical characteristics determined by various spectroscopic and adsorption techniques clearly exhibit the interaction between nickel and the support. 4. The dispersion of nickel depends on the nature of support. From the results it can be concluded that the nickel dispersion follows the trend: Ni/SiO 2 > Ni/ZrO 2 > Ni/TiO 2 > Ni/Al 2 O 3 > Ni/Nb 2 O 5. 5. Ni/TiO 2 catalysts exhibit high catalytic activity during hydrodechlorination. The catalytic properties were correlated with dispersion of the catalysts. 6. The results of X-ray photoelectron spectroscopy and hydrogen chemisorption results of all nickel catalysts are in very well agreement with each other. 7. The temperature programmed desorption of hydrogen results of the catalysts reveals that the hydrogen spillover is present in niobia supported nickel catalysts. 8. Ni/TiO 2 catalysts are found to be highly active in the hydrodechlorination of 1,2,4 trichlorobenzene. Activities of supported nickel oxide catalysts during hydrodechlorination of 1,2,4- trichlorobenzene follow the trend. Ni/TiO 2 > Ni/Al 2 O 3 > Ni/Nb 2 O 5 > Ni/SiO 2 >Ni/ZrO 2 9. Activity of supported nickel catalysts during hydrodechlorination of chlorobenzene follow the trend Ni/TiO 2 >Ni/SiO 2 >Ni/ZrO 2 >Ni/Al 2 O 3 > Ni/Nb 2 O 5 Ni/TiO 2 catalysts are found to be highly active in the hydrodechlorination of chlorobenzene and 1,2,4 trichlorobenzene.

